Abstract
Methods
The medical records of 2,501 patients who underwent surgery for primary breast cancer from June 2006 to June 2010 were reviewed retrospectively. The patients were classified into three groups according to preoperative ASA status determined by the anesthesiologists. Clinico-pathologic characteristics and survival outcomes of the patients were compared among the different co-morbidity groups.
Results
There were 1,792 (71.6%), 665 (26.6%), and 44 (1.8%) patients in ASA I, II, and III, respectively. Total 95 (3.8%) deaths and 269 (10.8%) recurrences (loco-regional and distant) occurred during the median follow-up period of 71 months. Patients with high comorbidity showed significantly higher rate of deaths (51 (2.8%), 38 (5.7%) and 6 (13.6%) deaths in ASA I, II and III group, respectively, p<0.001). The ASA 3 patients also showed significantly higher rate of breast cancer recurrence when compared to other groups (180 (10.0%), 80 (12.0%) and 9 (20.5%) in ASA I, II, and III, respectively, p = 0.041). Significantly fewer patients in the high co-morbidity group received adjuvant therapies (77 (4.3%), 44 (6.6%) and 8 (18.2%) in ASA I, II, and III, respectively, p<0.001). The increased recurrence of breast cancer in the high morbidity group was mostly seen in patients who did not receive adjuvant therapies. The incidence of serious adverse effect during the adjuvant therapy did not differ according to the co-morbidity conditions. PLOS ONE | https://doi.org/10.1371/journal.pone.0173721 March 21, 2017 1 / 11 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Data Availability Statement: The full clinical data used in this study contains information that may lead to the identification of the individuals. We have provided a supplementary file that contains minimal data essential to the results reported in our study. For other researchers to request the full dataset, we should get additional approval from the Institutional Review Board of Seoul National University Hospital for sharing the data (irb@snuh. org).
Introduction
Breast cancer is the most common female malignancy and is the second common cause of cancer death in women. [1] Due to its high incidence, breast cancer is also a major health issue for women with medical co-morbidities. The presence of co-morbidities pose can influence the decision on the use of the various treatment modalities. Furthermore, several studies have reported a significant increase in cancer mortality and post-treatment morbidity in cancer patients with pre-existing health conditions. [2, 3] Recent studies have suggested that the breast cancer patients who has significant co-morbidities tend to have increased treatment-related complication and deaths, and also carry higher risk for overall and cancer mortalities. [4] [5] [6] [7] Researchers have suggested the lower rates of adjuvant therapy as well as the natural course of the pre-existing medical conditions was the potential link between the increased risk of death and the presence of co-morbidities. [8] However, some reported that elderly patients with co-morbidities have worse survival outcome despite the similar rates of adjuvant therapy administration. [9] Population-based studies on the association of the co-morbidity and survival have advantages of less biased sample collection and large number of patients. However, they may carry weakness in identifying details of the individual patient's adjuvant therapy information depending on the database they use. [10] In this study, we investigated the relationship between the breast cancer survival and the presence of co-morbidities in a relatively large cohort of patients treated in a single institution. We determined the degree of their co-morbidity by using the American Society of Anesthesiologists (ASA) classifications assessed at the time of the initial surgery.
Materials and methods

Patients and analysis
The medical records of 2,501 patients who underwent surgery for primary breast cancer from June 2006 to June 2010 at Seoul National University Hospital were retrospectively reviewed. The data of patients were obtained from the web-based database of Seoul National University Hospital Breast Care Center. [11] We excluded patients with stage IV disease at the time of the diagnosis. Each patient's preexisting co-morbidities was assessed by using the ASA classification. Briefly, ASA I includes patients who are healthy, non-smoking, and minimal alcohol use at the time of surgery. ASA II includes patients with mild systemic disease such as well-controlled hypertension or diabetes. ASA III includes patients with severe systemic disease such as poorly controlled hypertension or diabetes, chronic obstructive pulmonary disease, and end-stage renal disease receiving regular dialysis. The ASA classification was determined at the preoperative interview with the anesthesiologists. Recurrence was defined as distant metastasis or loco-regional recurrence. The information of death date was obtained from the Korean National Statistical Office.
Survival outcome was estimated by the Kaplan-Meier method and compared across groups using the log-rank. For multivariate analysis, a Cox proportional hazards ratio model was used to estimate the adjusted hazard ratio for significance. All analyses were carried out using SPSS (version 19.0; SPSS Inc). The statistical significance was assumed at p < 0.05.
Ethics and consent
This study approved by the Institutional Review Board of Seoul National University Hospital (IRB No. 1405-088-580). Written informed consents were taken prior to surgery in all patients to register their information in the database. The review and analysis of the collected information were separately approved. All procedures were done in accordance with the Declaration of Helsinki.
Results
The characteristics of included patients are summarized in the Table 1 . The median follow-up period of 2,501 analyzed patients was 71 months. There were 1,792 (71.6%), 665 (36.6%) and 44 (1.8%) patients in ASA I, II, and III groups, respectively. A total of 95 (3.8%) deaths, 72 breast cancer-related deaths (2.9%), and 269 (10.8%) recurrences (loco-regional recurrence and distant metastasis) occurred during the follow-up periods. Ninety-seven percent of the patients who received adjuvant chemotherapy completed the recommended cycles.
The presence of co-morbidities was significantly associated with various clinicopathologic variables as shown in the Table 2 . Patients with ASA II or ASA III classification had more advanced tumors, were more likely to receive mastectomy, and were less likely to undergo adjuvant therapies with the exception of adjuvant hormonal therapy. There was no significant difference in the rates of patients who failed to complete the recommended cycles of chemotherapy according to the ASA groups. Survival analysis showed that the presence of co-morbidity had significant adverse effects on overall survival, breast cancer-specific survival, and breast cancer recurrence (Fig 1) . In Cox multivariate regression analysis, the severity of comorbidity was significantly associated with both overall survival and disease-free survival (Table 3) We tested the prognostic impact of co-morbidity according to the various clinical and pathologic factors. The increased hazard ratio of the severe co-morbidity was most evident in patients who did not receive adjuvant therapies (Fig 2A) . Indeed, the patients with ASA III classification showed significantly worse outcome in tumor recurrence and deaths when they did not receive adjuvant therapies (Fig 2B) . This prognostic association was not seen in patients who underwent adjuvant therapies. We further investigated the incidence of serious adverse effect during adjuvant therapy in 2,367 patients who underwent adjuvant therapy including 36 patients in ASA III classification. The incidence of grade 3 and 4 adverse effects was not significantly different according to the ASA classification.
Discussion
In the present study, we show that breast cancer patients with pre-existing co-morbidities have higher risk of recurrences and deaths by using the clinical data from 2,501 operable breast cancer patients treated in single institution. The significant association between the presence of co-morbidity and the poor treatment outcome was mostly seen in patients who did not receive postoperative adjuvant therapies. Our results suggest that conservative administration of adjuvant therapies in these patients may have resulted in the increased rate of recurrences and deaths.
Our results are in line with several previous observations on the relationship between the co-morbidity and survival in many cancer types including breast cancer. [12, 13] These studies have consistently shown that women with significant pre-existing co-morbidity have shorter overall survival. However, there are conflicting results on the association between the presence of co-morbidity and the risk of recurrence or metastasis. Based on the cancer registry data in Denmark, Land et al [10] have reported that the patients with higher degree of co-morbidity had significantly lower rates of recurrences despite their increased risk of deaths. Gold et al [14] , on the other hand, have shown that omission of appropriate adjuvant therapies can wosen the treatment outcome even in early breast cancer patients. Our data adds evidence to the increased risk of recurrence in patients with significant co-morbidities.
It is a challenging issue for clinicians to determine the optimal treatment approaches for breast cancer patients with severe co-morbidities. For surgical treatment, axillary node dissection or nodal staging is often minimized in elderly patients with co-morbidities. On the other hand, mastectomy over breast conservation is often recommended to minimize the need for the adjuvant radiation to the chest wall. We also observed a significantly higher rate of mastectomy in patients with severe co-morbidities. Patient's pre-existing co-morbidities and their functional status also influence the decision of adjuvant systemic therapies. [15] While it is rational to omit systemic therapy in patients with severe co-morbidity who are vulnerable to serious adverse effects, it also raises oncologic concerns since the adjuvant cytotoxic therapies can reduce the rate of recurrence and mortality in elderly breast cancer patients. [16] In our data, the significant association between the co-morbidity and increased risk of recurrence was only seen in patients who did not receive adjuvant therapies suggesting that omitting adjuvant therapy in patients with severe co-morbidity can result in disease recurrences. Additionally, we did not observe an increased risk of developing serious adverse effects in patients with severe co-morbidity who underwent adjuvant therapies. Similary to our observation, Klepin et al [17] reported no difference in treatment-related toxicities according to the co-morbidity status in patients undergoing cytotoxic chemotherapy. Our study carries several important limitations. We used ASA classification and did not adopt the Charlson Comorbidity Index which is a commonly-used tool in assessing the degree of co-morbidity. However, ASA classification is well-correlated with Charlson Comorbidity Index and it has been shown to predict treatment-related outcomes. [18] Another limitation is the small number of ASA II and III patients that may weaken the present findings. Finally, a retrospective nature of this study warrants a prospective and multicenter observational study to validate the association between the patient's co-morbidity status and oncologic outcomes.
Conclusion
In this study, high comorbidity was related to higher rates of mortality and recurrence in breast cancer patients. Especially, in high comorbidity patients group who did not receive adjuvant therapy, the rate of mortality and recurrence was higher. Considering the relatively low rates of serious adverse effects in high co-morbidity patients who received adjuvant https://doi.org/10.1371/journal.pone.0173721.g001
The impact of co-morbidity on breast cancer therapies, active use of adjuvant therapies in selected patients may improve survival outcomes in breast cancer patients with severe co-morbidities.
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